draws on research from both work (e.g., Schaufeli et al. 2002) and student engagement (e.g.,
Fredricks, Blumenfeld and Paris 2004).
Disengagement refers to low involvement or passivity in the particular task or activity (e.g., Fredricks et al. 2004; Reeve et al. 2004) . It often stems from prolonged work-related stress and is characterised by mental strain, anxiety, distress, and feeling overwhelmed by one's work (Lazarus 1966) . Prior research on doctoral experiences shows that many doctoral students face such challenges (Hyun et al. 2006) . Disengagement entails emotional, cognitive, and behavioural components, such as negative emotions, reduced levels of effort, and adopting cynical attitudes towards one's work in general (e.g., Demerouti et al. 2001; Schaufeli et al. 2002) , and is characterised by low energy, reduced involvement, and experiences of inefficacy (e.g., Maslach and Leiter 2008) . Stress typically encompasses feelings of strain and exhaustion resulting from experiencing one's work as overly demanding (e.g., Schaufeli et al. 2002) . This feeling may further cause a sense of inefficacy, which relates to the experience of incompetence in one's work (e.g., Schaufeli et al. 2002) . Losing interest in one's work and feeling that one's work has lost its meaning often follows reduced involvement. Still, the primary form of disengagement may vary in terms of the context and object of activity. Doctoral students in the behavioural sciences, for example, reportedly experience inefficacy more often than exhaustion from their studies (Authors 2013b). At its worst, disengagement may lead to burnout, which consists of all three assumptions: low energy, cynicism, and experiences of inefficacy (e.g., Maslach, Schaufeli and Leiter 2001) .
Studies suggest that disengagement yields several outcomes, such as lower levels of commitment (Hakanen, Bakker and Williams 2006) and achievement (Carini, Kuh and Klein 2006; Fredricks et al. 2004) , as well as turnover intentions (Fredricks et al. 2004 ; Schaufeli 
Attributions and disengagement
The problems doctoral students face during their studies are not necessarily negative; in fact, solving complex problems is an essential part of creating new knowledge (Hakkarainen et al. 2014 ). Such challenges may, however, become stressors if the student receives no adequate support. Some evidence indicates that problems in doctoral studies often originate not from the research process itself, but from the dynamics between the doctoral student and the scholarly community (Hoskins and Goldberg 2005; Authors 2011 ). In particular, doctoral students' sense of lack of belonging to their scholarly communities (e.g., Deem and Brehony 2000; Moss and Kubacki 2007) has reportedly led to disengagement and even attrition from doctoral studies (e.g., Authors 2012b; Golde 2005) . Poor atmosphere, isolation, lack of feedback, and destructive friction within the community are all serious causes of disengagement among doctoral students.
However, individual differences have also been found in the ways in which doctoral student adapt and cope (Amini et al. 2008; Baker and Pifer 2011) with the challenges they encounter in their studies. Yet, research on doctoral education in a poor predictor of this variation. One reason for the variation between the disengagement that doctoral students experience may be that they perceive such challenges differently, which is likely to compel them to employ various strategies for coping with the challenges. For example, some evidence indicates that doctoral students relatively seldom take an active stance in their scholarly community by, for instance, actively seeking opportunities to participate and contribute, by offering feedback to supervisors or by trying to change practices that they find problematic (O'Meara and Campbell 2011; Authors 2012a) . Doctoral students' attribution of the nature of the problems they encounter may contribute to individual differences in the disengagement they experience and to additional ways in which they try to solve their problems.
Causal attribution refers to post hoc interpretations or redefinitions of what caused an event (Weiner 1985 (Weiner , 1986 . Attributions are significant in terms of doctoral student disengagement, because they provide means to both explain and understand an event that causes disengagement and to guide future student behaviour. Some have suggested that attributions have both a direct and indirect effect on individual adjustment to such challenges (Amirkhan 1998). Research has shown attributions to directly affect individual psychological adjustment and indirectly affect an individual's use of various coping methods (Folkman et al. 1998 ). In general, prior research on attributions indicates that positive attribution styles are associated with greater use of problem solving and coping styles that involve cognitive restructuring and less use of coping styles that involve reluctance to handle such challenges (ArmstrongStassen 2004; Park and Adler 2003; Webourne et al. 2007) .
In this study, we draw on Weiner's (1985; 1986) attribution theory, which comprises three attribution dimensions: locus of causality, stability and controllability. Some evidence suggests that an internal locus of control and self-direction is essential for making the most of doctoral education (Anderson and Anderson 2012). For example, in a previous study, the authors (2012) found that doctoral students who felt they had an opportunity to participate in and contribute to their scholarly community (i.e., had some measure of control over their working environment) were less likely to drop-out and to suffer from lack of interest in their studies.
The aim
This study focuses on how and what causes students in the bio-and environmental sciences to disengage from their doctoral studies, and poses the following research questions:
1. What forms of disengagement arise among doctoral students of bio-and environmental sciences?
2. Which kinds of academic activities entail disengaging experiences?
3. To what do doctoral students attribute their disengaging experiences?
4. Did the attributions of doctoral students who were still finishing their doctoral studies differ from those of students who had already completed their doctoral degree?
The present investigation is a part of larger national study of doctoral education: "From doctoral student to scientific expert" (Authors 2009).
Methods

Participants
This study included interview data collected from doctoral students in the biosciences at a major research-intensive university in Finland. We interviewed a total of 40 doctoral students (male = 15, female = 25) who had either finished their studies three years before the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w  O  n  l  y   7 interview (n = 20; mode 31 years) or were third-year PhD students (n = 20; mode 26 years) and thus had the most recent experience of doctoral studies. The participants represented all majors, namely, Aquatic Sciences (n = 5), Biochemistry (n = 3), Ecology and Evolutionary Biology (n = 9), Environmental Sciences (n = 10), General Microbiology (n = 2), Genetics (n = 4), Physiology (n = 4), and Plant Biology (n = 3). All the participants wrote their doctoral dissertation in English as a summary of articles, which comprised four to five internationally refereed journal articles, an introduction, and a summary.
Interviews
The data were collected in 2009 with a semi-structured theme interview. The interview was designed to investigate students' conceptions of conducting their research, their thesis process, and how they saw themselves in it. The interview included questions about how the participants became doctoral students, their motivation, their experiences (both positive and negative) during their doctoral journey, and their experiences of supervision. The students were also asked background questions about the subject and form of their thesis, the time spent in doctoral studies, the estimated duration of the process, and whether they were working on their thesis full-or part-time. The interviews were digitally audio-recorded and transcribed to text files by a trained research assistant.
Analysis
We used an abductive strategy to analyse the data. At the beginning of the analysis, we developed a functional coding procedure. The data analysis employed the grounded theory approach, which emphasises the constant comparative method for assuring the accuracy of incident codes within each category and for generating the theoretical properties of each category (Harry, Sturges and Klingner 2005) . At first, all text segments in which doctoral students referred to disengaging experiences, including dissatisfaction, frustration, anger, and any negative emotions, were coded into the same hermeneutic category. The data were then coded into three exclusive main categories: 1) a sense of stress, including feelings of exhaustion and feelings of anxiety; 2) a sense of cynicism, including feelings that their work had lost its meaning; and 3) experiences of inefficacy, including feeling incompetent in one's work. The main categories reflected the sources of disengagement reported by doctoral students and were classified into six basic categories that constituted the primary context in which the disengaging events occurred: a) formal studies, such as doctoral course work; b) external resources; c) research activities; d) the scholarly community; e) the supervisory relationship; and f) time management. The last step served to show how the participants themselves explained their negative emotions by offering explanatory attributions for the particular disengaging experiences. Accordingly, we analysed each disengaging experience across three bipolar attribution dimensions created for the analysis: a) locus of causality (internal-external), b) stability (unstable-stable), and c) controllability (uncontrollablecontrollable). We used cross-tabulations and χ²-tests (significance level p ≤ .05) to measure the relationship between the attribution given for the disengaging experience and the student group (A = post docs, and, B = doctoral students).
At the end of each phase of analysis, the research group validated the categories resulting from the content analysis (Miles and Huberman 1994) . In cases of disagreement, we reached consensus on the final categorisation in discussions between the researchers. The doctoral students described a variety of disengaging experiences (f = 240) embedded in their doctoral studies and which originated from a variety of sources, including both the research process itself as well as the relationship between the student and the academic environment. The experiences ranged from occasional episodes to prevailing practices in the academic environment and fell into three primary forms of disengaging experiences: stress, cynicism, and experiences of inefficacy (Figure 1 ). Figure 1 shows that the most typical form of student disengagement was stress (55%), characterised by feelings of either strain or anxiety. For example, the doctoral students reported that their work was too demanding and stressful. They also described experiences of exhaustion when they did not know how to proceed in their research process, what to do next, or how to resolve problems with their thesis work. These negative emotions, reflecting stress, Work-related stress was also considered as a source of anxiety (13%), often due to perceived mismatches between one's own personal aims and practices and those of the academic community. Some students felt that they were under considerable external pressure to succeed in their research. Sometimes the students' distress stemmed from a troublesome colleague or lack of confidence between the supervisor and the student him-or herself:
Results
And when I started working on my thesis, well, I came under such discipline and rebuke that there was absolutely no limit to it; the email control was About one third of the students' experiences of disengagement took the form of cynicism (29%). Characteristic of such cynicism was that students felt their thesis work had lost its meaning or that they had lost interest in their work. Often the cynicism seemed connected to ethical issues related to ways of thinking and working in the academic environment. Some students reported negative feelings because they had put so much effort and invested so much into their work and yet, for some reason, their research failed. Consequently, the students reported that their work had lost its meaning:
Mostly, it is just that you lose faith in your project, that none of this has any value. (Student B4)
A minority of disengaging experiences were related to students' sense of inefficacy (17%). In these episodes, students often described not knowing how to proceed in their research because they do not know how to do their work. Thus, the students described their lack of knowledge or skills needed in the various steps of conducting research, such as designing the laboratory experiments or analysing the data:
It was the first time I somewhat felt that I was really lost and wondered how I would get out of this mess that I was in, and how I could write an article about this. Well, I had no actual research question when I went to take them (the samples). (Student B12)
The contexts of disengaging experiences The disengaging episodes were embedded in various activities of academic life, ranging from unsuccessful experiments, when irreplaceable laboratory samples went down a drainpipe, to a lack of scholarly discussions in everyday working life. The disengaging experiences reported ( Figure 2 ) often occurred while conducting research (30%), within the supervisory relationship (18%), or in the scholarly community (16%). Disengaging episodes took place less often during formal doctoral studies (9%) or in relation to external resources (7%) such as funding.
The participants described having disengaging experiences, such as failure in laboratory experiments while conducting research, carrying out fieldwork, or calculating statistics. They also described various aspects of scholarly communities, ranging from lack of discussions and meetings with other academics to an excessively competitive academic atmosphere.
Problems with the supervisory relationship, such as receiving overly critical feedback, lack of emotional support, and discouragement from the supervisor, were considered the main sources of disengagement. Some students described disengaging experiences embedded in the formal coursework or institutional activities of their doctoral studies. Only a few of the participants regarded financial resources and structures as significant contributors to their disengagement. These students often reported investing lots of energy in worrying and applying for resources. Table 1 shows the contexts of these disengaging experiences in order of frequency within the forms of disengagement identified in this study.
In many cases, the research process itself was a source of doctoral students' negative emotions (N = 36%). These experiences, ranging from difficulties in data collection to completion of the thesis for the dissertation, occurred throughout the study process. Students Students also reported difficulties related to publishing, which evoked feelings of strain.
Research-related problems, such as rejection from the journal editor, induced stress, even if they successfully completed the process later. However, the students also described deep dissatisfaction with common practices within the academic community, which evoked cynicism. Sometimes, these practices involved ethical issues in the publishing process: Sometimes the prolonged difficulties concerned common research practices. Such episodes seemed to evoke negative emotions because the students had no control over their own work and could therefore not know whether, how, or when they could proceed with their research. Further investigation showed that supervision was also a source of disengaging experiences (19%). Dissatisfaction with supervision often entailed expertise-related deficiencies, such as a supervisor's lack of understanding of the methodology or research topic. On the other hand, personality conflicts also emerged from the descriptions, such as a mismatch in working patterns between the student and the supervisor. Some students considered their supervisors good on a personal level, but still felt dissatisfied because of their lack expertise on the topic.
Sometimes the supervision was interrupted because of maternity leave, and once due to the death of the supervisor. That seemed to cause problems for the students, who felt they had to struggle alone with their research:
I got partial support, and it was sort of relevant, but then what happened is that every time I needed more support -well, sort of -I would only get cold water poured on me and very negative feedback. (Student A5)
In addition, students often described the scholarly community as a source for disengaging experiences (N = 15%). Many students reported feeling that they did not belong to their scholarly communities. These students often felt alone in conducting their research, and some described having no one with whom to discuss their research topic, either due to lack of (Student A8) Problems with time management (N = 12%) seemed to result in feelings of exhaustion due to a heavy workload. In some cases, the stress originated from difficulty in finding the balance between work and, for instance, family life. In other cases, the negative feelings stemmed from unsuccessful experiments in the research process. Then, the students had to recall the experiments under an undefined timeframe. The students often felt that any investment in their work was insufficient to stay on schedule: Negative emotions were seldom related to resources (N = 11%), such as problems with funding or the poor outlook for one's career. For instance, students described frustration due to the paucity of career choices. Students also described different funding situations which led to inequality among the doctoral students. They felt that one's competence and salary were completely unrelated to each other. Some of these students mentioned that they considered whether to leave the doctoral study process altogether: The formal studies included in the doctoral programme were reportedly a source of negative emotions (N = 7%). Students frustrated with their studies reported receiving no planning or guidance about what courses to include in their degree. Some of the participants took random courses which they later found to be of no use in their studies, creating a sense of cynicism.
Some claimed that they received only useless information and could not apply their knowledge in their research projects at all. They felt frustrated having invested time in something that they found had no value. Some described having no intrinsic interest in participating in the course, and moreover, their participation was sometimes troublesome in practice due to long distances or other difficulties with time management. In general, their descriptions about their formal studies seemed to evoke feelings of cynicism among the doctoral students: 
They had some courses, but I found those that I participated in to be of poor quality. I could have just taken a commercial catalogue and flipped through it, and I would have got the same information. (Student A3)
The reasoning behind disengaging experiences: the attribution dimensions
Further investigation revealed that the explanatory attributions students gave for their disengaging experiences varied in terms of their locus of causality, stability, and controllability. Figure 3 shows that the students most often perceived the causes of their disengaging experiences as external. Thus, the students blamed others, bad luck, or any element of chance for the disengaging experiences. In turn, an internal attribution, meaning that the students assigned the cause of their negative experiences to their own personal characteristics, such as their ability, moods, or efforts, was rare.
Only external attributions were identified in disengaging experiences originating from the relationship between the student and the scholarly community. Similarly, all the negative The attribution dimension of instability typically emerged in the students' negative experiences of the research process itself. Their difficulties, with experiments as well as with the whole writing process, created stressful moments, but only occasionally. On the other hand, problems with funding or with the academic environment, if they occurred, often seemed to persist throughout the doctoral study process. When comparing the attribution dimensions of controllability and uncontrollability, a negative experience was often considered outside one's locus of control in the context of resources, formal studies, supervision, or the relationship between the student and the academic environment. But in the research process, students seemed to have some control even if they found it difficult at that moment to carry on: The three attribution dimensions seemed to form a continuum with qualitative differences such that at one end of the continuum were disengaging experiences considered externalstable-uncontrollable, and at the other end of the continuum were the internal-unstablecontrollable experiences. The former experiences seemed to promote severe malcontent and dissatisfaction, engendering feelings of cynicism among students. In such cases, the students often mentioned feeling that they had no control over their own working process and generally felt totally frustrated doing their research:
The most difficult thing … that you really have to redo and redo and redo the same thing. Like windmills, they never stop… You really have to fight for it… You submit the paper and it is returned, and you edit it and resubmit it, and so on … and it takes maybe a year and a half, and then it is returned once again, and you wonder: "What was I doing with this?" You dig up some old papers and you cannot remember anything … and you start studying/learning all over again … (Student B13)
Each and every project was like banging your head against a wall. Well, closer to graduation, it certainly, like, changed my way of thinking, that it would, like, no longer, well -how do you call it -fancy. Well, it certainly lost any glory in the long run, at least in my case, and perhaps I can see that it has also affected my post doc thinking.
That perhaps… I don't know if I burned out or what, but my enthusiasm for the job ended, and perhaps I have a sort of a mental hangover from it. (Student A4)
However, if the challenge did not persist, and the student received sufficient support to manage, the result was less extreme malcontent and fewer long-standing consequences. In such cases, the negative emotions were also attributed to internal factors. These explanations mostly involved negative emotions linked to the research process itself, such as misfortune in doing one's laboratory experiments, difficulties in writing manuscripts, or other challenges of the learning process in doctoral studies. Typical of these descriptions was that negative emotions and disengaging experiences promoted only occasional distress; the students seemed to manage through the difficulties thanks to various coping strategies. For example, students explained that they studied the subject more or found a person to help them or took an international course to learn the methods. Thus, the students themselves could control the working process, which, after improving their initial lack of competence, led to success: 
Are there differences in attribution between post docs and doctoral students
Further analysis showed mostly no statistically significant differences in attributions for the disengagement that the post docs and doctoral students experienced during their doctoral studies. Both the post docs and doctoral students primarily felt that the problems in their PhD studies were due to external factors and that they had little control over them.
The only minor difference was on the controllable-uncontrollable axis, in which crosstabulations and χ²-tests showed a relationship between the post docs (Group A) and doctoral students (Group B) (χ² = 5.591, df = 1, p = 0.02). Even there, participants who graduated found that they had a little less control over their problems than did the doctoral students.
Accordingly, it appears that completing a PhD degree in the bio-and environmental sciences does not positively affect one's opinion about one's studies. It even appears that earning the degree fails to bring the satisfaction typical of new doctors. 
Discussion
Methodological reflections
In this study, we collected semi-structured interview data to capture the narratives of episodes that described doctoral students' experiences of disengagement. The aim was thus to identify the kinds of events that promoted student disengagement. However, we were careful not to characterize individual doctoral students in terms of their disengagement experiences, since the focus of this study was to identify the events that contribute to student disengagement rather than to identify students who experience disengagement. The reflective and processoriented research design gave the doctoral students an opportunity to reflect on various aspects of their work and thus the opportunity to study their perceived disengagement.
However, further research, especially research with a longitudinal design, is needed to examine the development of disengagement over an extended period of time.
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Findings in the light of existing literature
The present investigation aimed to advance our understanding of the basic components of disengagement among doctoral students in the bio-and environmental sciences by exploring the episodes that contributed to their disengagement from their thesis work. The study showed that feelings of stress, cynicism and inefficacy were central elements in doctoral students' disengagement from their doctoral work, which may further predict doctoral students' lower studying persistence, as well as higher burnout and even drop-out rates.
Accordingly, drawing on recent literature on work and studying engagement (Fredricks et al. 2004; Schaufeli and Bakker 2004) provided functional tools for exploring doctoral student disengagement. The findings also support previous research on doctoral experiences (Authors 2013b), suggesting that doctoral student disengagement is not a single entity and can thus appear in different forms.
Students emphasised stress and cynicism in particular as disengaging experiences, but less often reported episodes causing inefficacy. In particular, students often reported episodes that cause stress, including a sense of strain, anxiety and exhaustion due to lack of progress in their research, problems in their supervisory relationships, and poor time management. Our findings partly contradict the findings of previous studies which suggest that the primary form of doctoral student disengagement is inefficacy (Authors 2012 a, b) . Contradictory 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 This study showed that doctoral studies provided multiple contexts for disengagement.
Disengaging experiences varied between the different activities that were part of the doctoral studies. Doctoral students in the bio-and environmental sciences, for example, perceived isolation, indifference, and lack of support and constructive feedback to be sources of cynicism. This is in line with the conclusions of prior studies which suggest that supervision (Brailsford 2010; Scaffidi and Bergmna 2011) and a sense of belonging to the scholarly community (Lovitts 2001; Amini et al. 2008; Spaulding and Rockinson-Szapkiw 2012) are central determinants of the doctoral experience. In our study, stress and inefficacy were more often related to failure or lack of progress in research. Our results indicate that both the context and content of disengaging experiences can vary.
Further investigation showed that doctoral students typically attributed disengaging events to external factors. External attributions were often related to perceiving the source of disengagement as uncontrollable and somewhat stable. The students, for instance, attributed their negative experiences to lack of support or feedback from their supervisors or other members of the scholarly community and felt that they had little or no control over the course of events, which they considered unavoidable and permanent. External-uncontrollable-stable attributions were typical of the disengaging experiences embedded in supervision and the activities of the scholarly community. This may explain why doctoral students have reportedly failed to perceive themselves as active relational agents in their own communities (Authors 2012a). In the literature on negative outcomes, external-uncontrollable-stable attributions are often related to less efficient psychological adjustment, including experiencing more distress and the use of avoidance coping (see, e.g., the meta-analysis by Roesch and Weiner 2001) . Accordingly, the use of external-uncontrollable-stable attributions in negative experiences embedded in the scholarly community and supervisory relationship may lead to less active coping, and thus more disengagement and even dropping out. For example, evidence indicates that doctoral students in the behavioural sciences, humanities and medicine who perceive themselves as passive in the scholarly community were more likely to abandon their doctoral studies (Authors 2012a).
Students seldom used internal attributions. However, characteristic of the use of internal attributions was their combination with perceptions of problems as both controllable and unstable. Such attributions were related primarily to conducting doctoral research. Prior research on causal attributions in negative events suggests that internal-controllable-unstable attributes are related to not only adaptive coping with stressors, but also to a decrease in selfesteem and more frequent feelings of guilt from not doing enough to solve problems (Greenglass and Fiksenbaum 2009; Schwarzer 1993 ). An internal locus of control and selfdirection has also proved essential in making the most of doctoral education (Anderson and Anderson 2012). These findings suggest that perceiving a negative event as controllable, internal, and unstable facilitates active, motivated coping, which in turn leads to better adjustment, more effective problem solving, and reduced disengagement despite any possible short-term negative effects.
Studies have shown that successful students generally take more responsibility for their failures and feel that they can manage their problems (Authors 2012a). We therefore assumed that post docs who had already successfully completed their doctoral studies would employ more internal and controllable attributions. However, we found no such differences when 
Educational implications
Our results showed that the forms of disengagement ranged from stress to a sense of inefficacy. In terms of developing more engaging learning environments for doctoral students in the bio-and environmental sciences, these results suggest that the cures for disengagement must also be individually tailored depending on whether the student is experiencing stress caused by poor time management, cynicism caused by a lack of experienced supervisory support or inadequacy resulting from a lack of methodological know-how. These cures presume that the form of disengagement is known. For instance, taking time off may reduce stress, but reducing cynicism is likely to require changes in supervisory practices.
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